SUMMARY A syndrome of Duchenne muscular dystrophy (DMD), adrenal hypoplasia, glycerol kinase deficiency, and mental retardation has been recognised. We report a further case ascertained from a history of DMD, severe mental retardation, and an Addison-like disorder.
The syndrome of Duchenne muscular dystrophy (DMD), adrenal hypoplasia (AH), mental retardation (MR), and glycerol kinase (GK) deficiency has been recognised for several years.' Several of these boys have been found to carry interstitial deletions of the short arm of the X chromosome2-4 and two similar cases have been described where there is a molecular deletion that has not been shown cytogenetically.4 5 One boy with the same clinical features has also been reported, who has neither a cytogenetic nor a molecular deletion.5
A boy with DMD, mental retardation, and an interstitial deletion of Xp2l has been identified, who is not known to His development was delayed, and he could neither walk nor talk until the age of 3 years. He required education in a special school. This boy's growth has also been impaired, and he was below the 3rd centile for height and weight at the age of 9 years.
Duchenne muscular dystrophy was diagnosed at the age of 9 from the typical distribution of proximal myopathy and raised serum creatine kinase ( Heparinised peripheral blood was cultured in McCoy's 5A medium supplemented with 20% fetal calf serum using standard techniques. The synchrony of cell division required for high resolution banding studies was induced by the addition of excess thymidine (final concentration 0-3 mg/ml) at 48 hours. 13 The thymidine block was released at 65 hours by centrifugation and resuspension of the cells in fresh medium, or by the addition of deoxycitidine (method to be published elsewhere). At 70 hours, after a 15 minute exposure to colcemid (0-1 [tg/ml), the cells were centrifuged for 10 minutes and resuspended in hypotonic KCI solution (0-05 mol/l) for 10 minutes. Fixation in methanol/acetic acid was in accordance with conventional procedures. Spreading of the chromosomes was achieved by the addition of drops of the fixed cell suspension to cold, wet slides which were air dried on a warm plate. The slide preparations were pretreated with H202 and GTG banded with a method modified from that of Seabright. 14 Late replication studies were performed usinp a modification of the method of Perry and Wolff," whereby BrdU (final concentration 100 ,g/ml) was added for the final seven hours of a standard 72 hour lymphocyte culture. The slides were stained in Hoechst 33258 (10 sg/ml deionised water), exposed to ultraviolet light for 90 minutes, and incubated in 2 x SSC at 60°C for 30 minutes before staining in 10% Giemsa.
DNA ANALYSIS
Samples of blood were taken from family members and stored at -20°C. Total genomic DNA was extracted by the method of Kunkel et al. ' 6 DNA samples of 3 [tg were digested to completion with the relevant restriction endonuclease and the resulting fragments were separated according to molecular weight by electrophoresis overnight in a 0-9% agarose gel at 40 V. Southern blots onto Hy-Bond-N (Amersham) filters were performed, and the various probes were then hybridised to the filters.
Southern blotting was performed as described by Southern,17 with certain modifications. The membrane was presoaked in 10 x SSC before blotting, and DNA transfer was carried out in 10 x SSC overnight. After blotting, filters were irradiated with UV light at 306 nm for five minutes. Prehybridisation was at 65°C for two to three hours in 15 ml 6 x SSC, 5 x Denhardt's, 05% SDS, and 7% dextran sulphate. DNA 
PROBES
The DNA probes used in this study were radiolabelled by nick translation using a commercial kit (Amersham). Unincorporated nucleotides were separated in a Sephadex G-50 column and 2-5 mg herring sperm DNA was added to yield a final concentration of 20 ,ug/ml.
The solution was boiled for five minutes and was then added to the prehybridisation mix. Hybridisation was performed overnight at 65°C. Posthybridisation washes were at the same temperature in 2 x SSC and 0-1% SDS for 10 to 20 minutes. The stringency of washing was increased by incubation in decreasing concentrations of SSC (1 x SSC to 0-1 x SSC) for five to 15 Cytogenetic analysis of a number of prometaphase and metaphase cells by direct microscopical examination and by photography showed an interstitial deletion of the segment p21-1p22-11 of the X chromosome in the proband (JH) (fig 1) . The deletion was also observed in one of the two maternal X chromosomes (fig 2) . Direct measurement of enlarged photographic prints of eight cells from the heterozygote showed that the total length of the deleted X was 9% (± 3%) less than the normal X chromosome, while there was no difference in the mean lengths of the X long arms (fig 3) . BrdU incorporation studies showed that the deleted X was late replicating in 31 out of 33 (94%) cells examined in the heterozygote (fig 4) . The X chromosomes of the proband's sister (KH) and the maternal grandmother were normal. The deletion, therefore, was a new mutation in the proband's mother. 22 Analysis of DNA from case 1 confirms the presence of a deletion, since probes 754, XJ1-1, pERT87-1, 87-8, and 87-15, and C7 all fail to hybridise to his DNA ( fig 5) . That his sister has two normal X chromosomes is confirmed by her DNA showing two alleles for the probe 754 (fig 6) . Urine and serum from case 1 were found to contain raised concentrations of glycerol, as found in other patients with GK deficiency. His serum level was 5-3 and his urine level 300 mmol/l. His fibroblast GK level was found to be reduced (table 3) .
Prompted by this case, we have also screened 20 other boys with DMD for glyceroluria (table 3), in addition to the surviving DMD males with a molecular deletion. This has revealed one other case with raised levels of glycerol in his urine, but whose serum glycerol level was normal. This boy (case 2) had his urine glycerol assayed on three separate occasions, the results being raised on each occasion, though not to the same extent as case 1. His urinary glycerol levels were 9-9, 3.2, and 10 mmol/l, the mean of 7-7 mmol/l being nearly 40 times the upper limit of the normal range (C 0-2 mmol/l), compared to case 1 whose glyceroluria is 1500 times the upper limit of normal. It is interesting that the glycerol kinase level assayed in skin fibroblasts taken from case 2 were normal or high.
Cytogenetic analysis showed no abnormality of the X chromosome of case 2 and no molecular deletion has been identified. 
